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METHOD OF CALIBRATING AN APPARATUS
FOR MEASURING RADON AND/ORITS
PROGENY IN AN AIR SAMPLE

FIELD AND BACKGROUND OF THE
INVENTION

The present invention 1s generally directed to measuring
Radon concentration, and more particularly to a method for
calibrating an apparatus for measuring Radon and/or 1ts prog-
eny in an air sample.

The deleterious effects of Radon and 1ts progeny on living
beings are well known. In this regard, it 1s recogmized that
exposure to radiation from Radon and 1ts progeny 1s the
second biggest cause of lung cancer, after smoking. It 1s also
the biggest cause of death from the built environment in
which Radon gas can diffuse out of the so1l or concrete where
they are formed and collect in spaces where people live and
work. Various prior art methods and apparatus are available
for measuring Radon concentration. One method and appa-
ratus for measuring the concentration of unattached Radon
progeny 1s disclosed 1n U.S. Pat. No. 6,018,985 (the "985
patent), by the same 1nventor, which 1s hereby incorporated
herein 1n its entirety by reference. In the method disclosed in
the "985 patent, the concentration of unattached Radon prog-
eny 1n air 1s determined by measuring the conductivity of the
air or the concentration of fast ions. A multiplying factor 1s
used to convert the conductivity of air to obtain a value rep-
resenting the concentration of the unattached Radon progeny
in the air sample.

ASPECTS OF THE INVENTION

The present disclosure 1s directed to various aspects of the
present invention.

One aspect of the present invention includes calibrating an
apparatus for measuring Radon and/or 1ts progeny 1n an air
sample to accommodate for non-Radon-related radiation.

Another aspect of the present invention includes a method
of calibrating an apparatus for measuring Radon and/or 1ts
progeny 1n an air sample to accommodate for any background
cosmic radiation.

Another aspect of the present invention includes calibrat-
ing an apparatus for measuring Radon and/or its progeny in an
air sample 1n a manner so as to detect or measure Radon even
in a high cosmic radiation region, such as Denver, Colo.

Another aspect of the present invention includes a method
of setting a lower threshold reading value 1n an apparatus for
measuring Radon and/or 1ts progeny 1n an air sample, which
includes providing an apparatus for measuring Radon 1n an
air sample that includes a preset oilset voltage corresponding
to a threshold conductivity value and a preselected reading
value for indicating a concentration of Radon and/or 1ts prog-
eny, exposing the apparatus to a calibration area for measur-
ing conductivity of the air therein, comparing the measured
conductivity value of the air with the preset oifset value for
conductivity, and setting a lower threshold conductivity value
and corresponding threshold reading value same as the pre-
selected reading value if the measured conductivity of the air
1s determined to be lower than the preset offset value for
conductivity.

Another aspect of the present invention includes a method
of setting a minimum Radon reading value 1n an apparatus for
measuring Radon and/or 1ts progeny 1n an air sample, which
includes providing an apparatus for measuring Radon 1n an
air sample that includes a preset oflset voltage corresponding
to a conductivity value representing non-Radon-related
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radiation and a preselected reading value for indicating a
concentration of Radon and/or its progeny, exposing the
apparatus to open atmosphere for measuring conductivity of
the ambient air, comparing the conductivity of the ambient air
with the preset offset value for conductivity, and setting a
minimum reading value same as the preselected reading value

i1 the conductivity ol the ambient air 1s determined to be lower
than the preset offset value for conductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

One of the above and other aspects, novel features and
advantages of the present invention will become apparent
from the following detailed description of the preferred
embodiment(s) mvention, as illustrated in the drawings, 1n
which:

FIGS. 1A-1B illustrate a flow chart for executing a method
for calibrating an apparatus for measuring Radon and/or 1ts
progeny 1n an air sample, in accordance with an embodiment
of the mnvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) OF THE INVENTION

The present invention 1s based, 1n part, on the recognition
and/or discovery that cosmic radiation 1s a significant source
ol 1onization 1n the atmosphere and can affect the measure-
ment of conductivity, and thus a measurement of Radon con-
centration in the air. It 1s further recognized that the intensity
of cosmic radiation varies from place to place and from time
to time. In this regard, 1t 1s also known that Radon concentra-
tion can never be negative and, in outside ambient air well
above the ground level, 1s usually very low and can be taken
as a reference low Radon concentration.

The concentration of Radon, and specifically 1ts unat-
tached progeny, 1s known to be a linear function of the con-
ductivity (see, for example, the 985 patent). However,
because of other 1onizing radiation, such as cosmic rays, the
relationship 1s not a simple proportionality and there 1s a zero
intercept that represents the conductivity of air from all
sources other than Radon and/or 1ts progeny. This zero inter-
cept needs to be deducted from the measured conductivity 1n
order more accurately to calculate the contribution due to the
presence of Radon and/or its progeny. In an apparatus for
measuring the concentration of unattached Radon progeny,
the conductivity measurement results 1n a voltage at the out-
put of the first amplifier stage (see the "985 patent). The
present invention 1s devised so the zero itercept becomes an
ollset voltage setting or zero oifset that 1s deducted from a
measured voltage before the conversion factor to translate the
voltage to Radon concentration 1s applied.

Based, 1n part, on the foregoing recognitions and/or dis-
coveries, one embodiment of a method of the present inven-
tion uses a voltage offset to eliminate or accommodate the
clfect of cosmic and/or other non-Radon-related radiation.
This offset 1s adjusted automatically during the calibration
procedure to prevent any reading from becoming negative or
less than a preselected minimum or threshold reading value.
In summary, the auto zero ofiset function adjusts or sets a
lower threshold or minimum reading value 1n an apparatus for
measuring the concentration of Radon and/or 1ts progeny in

an air sample, to accommodate variations 1n ambient cosmic
and/or other non-Radon-related radiation.

Referring to FIGS. 1A-1B, one embodiment of the method
of the present invention will now be described. In order to
calibrate an apparatus for measuring the concentration of
Radon and/or progeny in an air sample, such as one disclosed




US 8,074,487 B2

3

in the 9835 patent, a user would first turn the apparatus ‘on’
(step 10), which would perform a self-check and set a prese-
lected offset voltage of about 1-5V, and preferably 3V (step
12). It 1s noted that this value of the offset voltage 1s chosen so
as to accommodate high cosmic radiation activity.

The user would then expose the apparatus to an area where
the Radon concentration 1s known or expected to be low, such
as the outside ambient atmosphere (step 14). In the calibration
area, the conductivity of the air 1s measured (step 16). It 1s
noted herewith that the apparatus 1s set or programmed such
that 1f after turning ‘on’, the first measurement reading of the
conductivity 1s determined to be less than the offset conduc-
tivity value, corresponding to the offset voltage (step 12), the
apparatus will set a lower offset voltage to give a threshold
reading value of 0.1-0.5 pCi/L (step 18). In other words, any
time a first reading of the conductivity 1s taken after turning,
the apparatus ‘on’, the apparatus will reduce the off:

set voltage
and show the first reading to be equal to the preprogrammed
or preselected low threshold reading value, preferably 0.1-0.5
pC1/L (1t 1s noted that this range can be varied, as desired).

As a result of steps 10-18, the apparatus will show a lower
threshold or minimum Radon concentration reading of 0.1-
0.5 pCi/L, so long as the measured conductivity value 1s lower
than the preset offset conductivity value corresponding to the
offset voltage of about 1-3V, or 3V.

The user would then expose the apparatus to a location or
area being tested to measure the conductivity of the air therein
(step 20). If the conductivity measured in step 20, 1s higher
than a threshold conductivity value that corresponds to the
previously set lower threshold reading value (step 18), the
apparatus will show a higher Radon concentration reading.
On the other hand, i1 the conductivity of the air measured 1n
step 20, 1s determined to be lower than the threshold conduc-
tivity value corresponding to the previously set lower thresh-
old reading value (step 22), the apparatus will reduce the
threshold conductivity value so as to show the new reading
equal to the previously setlower threshold reading value (step
24).

In other words, once the lower threshold reading value has
been set (step 18), the apparatus will show a lower threshold
or minimum reading value of 0.1-0.5 pCy/L. However, 1f at
any time a new conductivity measurement value 1s deter-
mined to be lower than the threshold conductivity value, then
the apparatus will reduce the offset voltage to make a new
lower threshold conductivity value and a new reading equal to
the previously set lower threshold or minimum reading value.

The user may then take additional readings, as necessary
(step 26) or allow the apparatus to switch to “sleep” mode
(step 28). Once all the necessary measurements have been
taken, the user will turn ‘off” the apparatus (step 30). Once the
apparatus 1s turned ‘oif’, the threshold conductivity value, set
in step 18, will preterably be lost and the user will need to
allow the apparatus to perform steps 12-18, after turning the
apparatus ‘on’.

From the above, 1t can be observed that the method, 1n
accordance with an embodiment of the invention, can be used
to detect or measure low Radon concentrations even where
cosmic and/or non-Radon-related radiation 1s high.

While this mvention has been described as having pre-
ferred sequences, ranges, steps, materials, structures, fea-
tures, components, or designs, 1t 1s understood that 1t 1s
capable of further modifications, uses and/or adaptations of
the invention following in general the principle of the mnven-
tion, and 1ncluding such departures from the present disclo-
sure as those come within the known or customary practice in
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the art to which the invention pertains, and as may be applied
to the central features hereinbefore set forth, and fall within

the scope of the invention.

What 1s claimed 1s:

1. A method of setting a lower threshold reading value in an
apparatus for measuring Radon and/or 1ts progeny 1n an air
sample, comprising the steps of:

a) providing an apparatus for measuring Radon in an air
sample, the apparatus including a preset ofiset voltage
corresponding to a threshold conductivity value and a
preselected reading value for indicating a concentration
of Radon and/or its progeny;

b) exposing the apparatus to a calibration area for measur-
ing conductivity of the air therein;

¢) comparing the measured conductivity value obtained 1n
step b) with the preset offset value for conductivity; and

d) setting a lower threshold conductivity value and corre-
sponding threshold reading value same as the prese-
lected reading value if the measured conductivity value
in step ¢) 1s lower than the preset ofiset value for con-
ductivity.

2. The method of claim 1, further comprising the steps of:

¢) exposing the apparatus to a test area for measuring
conductivity of the air therein;

1) comparing the measured conductivity value obtained 1n
step ¢) with the threshold conductivity value corre-
sponding to the lower threshold reading value set 1n step
d); and

g) reducing the threshold conductivity value so as to cor-
respond to the lower threshold reading value 1f the mea-
sured conductivity value 1n step 1) 1s lower than the
previous threshold conductivity value.

3. The method of claim 1, wherein:

the preset oflset voltage comprises about 1-5V.
4. The method of claim 1, wherein:
the preset ofiset voltage comprises about 3V,

5. The method of claim 1, wherein:

the preselected reading value comprises about 0.1-0.5 pCi/
L.

6. The method of claim 1, wherein:

the preselected reading value comprises about 0.1-0.2 pCi/
L.

7. The method of claim 1, wherein:

the calibration area comprises an area known to have a low
Radon concentration.

8. The method of claim 1, wherein:

the calibration area comprises outside ambient atmo-
sphere.

9. The method of claim 1, wherein:

the threshold conductivity value in step d) corresponds to a
lower threshold reading value of about 0.1-0.5 pCi/L.

10. A method of setting a minimum Radon reading value in

an apparatus for measuring Radon and/or its progeny 1n an air
sample, comprising the steps of:

a) providing an apparatus for measuring Radon in an air
sample, the apparatus including a preset offset voltage
corresponding to a conductivity value representing non-
Radon-related radiation and a preselected reading value
for indicating a concentration of Radon and/or 1ts prog-
Ciy,

b) exposing the apparatus to open atmosphere for measur-
ing conductivity of the ambient air;

¢) comparing the conductivity of the ambient air obtained
in step b) with the preset ofiset value for conductivity;

and
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d) setting a minimum reading value same as the preselected
reading value 1f the conductivity of the ambient air in
step ¢) 1s lower than the preset offset value for conduc-
tivity.

11. The method of claim 10, further comprising the steps

of:

¢) exposing the apparatus to a test area for measuring
conductivity of the air therein;

1) comparing the conductivity of the test area air obtained
in step e) with a threshold conductivity value corre-
sponding to the minimum reading value set 1n step d);
and

o) reducing the threshold conductivity value so as to cor-
respond to the minimum reading value 1f the conductiv-
ity of the test area air 1n step 1) 1s lower than the previous

threshold conductivity value.
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12. The method of claim 11, wherein:

the threshold conductivity value 1n step 1) corresponds to a
minimum reading value of about 0.1-0.5 pCr/L.

13. The method of claim 10, wherein:

the preset ofiset voltage comprises about 1-5V.

14. The method of claim 10, wherein:

the preset oflset voltage comprises about 3V,

15. The method of claim 10, wherein:
the preselected reading value comprises about 0.1-0.5 pCi/

L.
16. The method of claim 10, wherein:
the preselected reading value comprises about 0.1-0.2 pCi/

L.
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